The pattern of cross-pathway regulation of the arginine synthetic enzyme ornithine carbamoyltransferase was investigated in Neurospora crassa, using single and double mutant auxotrophic strains starved for their required amino acids. These experiments show that starvation for histidine, tryptophan, isoleucine, valine or arginine can result in derepression of ornithine carbamoyltransferase. Methionine starvation also gave slight derepression, but starvation for lysine or leucine gave little or no effect.
single mutant strains was achieved by providing them with low initial concentrations of their required amino acid (normally 0.06 or 0.03 mM) and allowing 43 h for the exhaustion of this supply. Double mutants were allowed to grow to between 0.2 and 0.5 mg dry weight ml-' on medium containing all their required amino acids (at concentrations of 1 a 2 mM). The mycelium was then harvested by filtration, rinsed in 50 ml of transfer medium and returned to medium lacking one or all of the required amino acids. Flasks were harvested at 8 and 23 h after transfer, and the mycelial pads rapidly frozen and lyophilized.
Omithine carbarnoyltransferase activity. OCTase activity was determined on extracts of powdered, lyophilized mycelium as described previously (Flint & Kemp, 198 l) , except that assays were routinely performed on highly diluted crude extracts (final protein concentration in reaction mix about 0.01 mg ml-l) without dialysis. This procedure had been found to give values very similar to those obtained after dialysis, for mycelia grown under a variety of conditions. All assays were performed in duplicate.
R E S U L T S A N D D I S C U S S I O N
The effect of amino acid starvation upon OCTase activity was investigated in six double auxotrophic strains (Fig. 1) . All markers used had previously been shown to be substantially 'non-leaky', and in all cases the omission of one or more of the required amino acids from the transfer medium caused a progressive reduction in growth by comparison with cultures transferred on to fully supplemented medium (results not shown), confirming that starvation conditions had been established. The results show that histidine, tryptophan, isoleucine and valine, in addition to arginine, are capable of eliciting the derepression of OCTase. In contrast, lysine and leucine were comparatively ineffective in causing derepression. This difference cannot easily be attributed to strain variation, as the arg-5 l's-2 and arg-5 leu-I strains both gave appreciable derepression when starved for arginine.
The arg-5 met-l strain showed low derepression for both arginine and methionine starvation. This may reflect a difference in general control properties between this and the other strains. On the other hand, the variation observed between different strains in their response to arginine starvation could be due to the presence of different amino acids in the medium prior to, and during, the exhaustion of arginine. In a series of 'reconstruction' experiments the arg-5 single mutant strain was grown on each of the media employed for the growth of the double mutants in Fig. 1 , and then transferred to medium lacking arginine but still containing the second amino acid. The pattern of OCTase derepression was found to be similar to that observed in response to arginine starvation of the double mutants, with the lowest derepression occurring in the presence of methionine (2.5-fold) and the highest in the presence of lysine or isoleucine plus valine (5-to 6-fold). The presence of methionine, in particular, in the medium of strains undergoing arginine starvation therefore appears to reduce the degree of OCTase derepression. The reason for this effect is not known.
Transfer of double mutant strains to minimal medium did not cause any synergistic effect, the resulting OCTase values being generally intermediate between those observed when amino acids were omitted singly ( Fig. 1) . However, it is unlikely that both of the required amino acids reach concentrations low enough to cause derepression after transfer to minimal medium. Once the concentration of one amino acid had fallen sufficiently to cause derepression and reduced overall protein synthesis, the requirement for the second amino acid would be substantially reduced, and its concentration would change little thereafter. It is still possible that a synergistic effect would be observed if the concentrations of two amino acids were simultaneously within the derepression range, but this situation is unlikely to be achieved in the experiments reported here.
Starvation of the parental single auxotrophic mutant strains for their required amino acid gave a pattern of derepression consistent with that observed in the double auxotrophs ( Table  1) . The derepression factors observed for arginine, tryptophan and histidine starvation were all higher than those observed in the double mutant strains, but this is almost certainly a consequence of the different starvation methods employed (see Methods), since from Fig. 1 OCTase activities can be seen to be still increasing in most cases, 23 h after transfer of the double mutants, whereas the values for the single mutants represent maximal levels. In contrast, the values obtained for lysine and leucine starvation were lower in the single mutants, with the lys-2 strain showing apparent repression of OCTase as a consequence of starvation. In these two cases OCTase activity appeared to be decreasing after 23 h in the corresponding treatments with the double mutant strains, following an initial period of slight derepression (Fig. 1) .
Appreciable (2-to 3-fold) variation in basal OCTase levels was observed both among the single mutant strains ( Table 1 ) and among the double mutants (see legend to Fig. 1 ) during growth on fully supplemented media. This again appears to be largely a consequence of supplementation with different amino acids, since a wild-type strain grown on a range of amino acid supplemented media showed a similar pattern of variation in OCTase activity (Table 1) . It is known that the addition of certain amino acids to the medium can cause substantial changes in the mycelial levels of other amino acids (unpublished results). Increases in amino acids above their minimal-grown levels do not appear to cause appreciable repression of OCTase in the wild-type strain (Flint & Kemp, 1981) . However, since the activities for mycelium grown on amino acid supplemented media were generally higher than for the minimal-grown wild type, the variation in 'basal' activity may be due to slight derepression resulting from reductions in certain amino acid pools. It is possible that the Amino acids were present at 1.2 mM in the non-starved condition, for which values represent means of at least two harvests taken between 0.3 and 1.0 mg dry weight ml-l, when growth was exponential.
Values for starved mycelia were obtained from cultures harvested 43 h after inoculation on to media containing 0-06 and 0.03 mM concentrations of the required amino acid. The value given represents the mean of the values for the two media, which differed from the mean by less than 10%.
Amino acid supplement
Arginine repression observed in the lys-2 strain during starvation (Table 1) in fact represents a return to the fully repressed state as other amino acids become restored to their repressive levels, lysine itself having no direct effect. The deprivation of arginine, tryptophan, histidine, isoleucine or valine can lead to derepression of OCTase in Neurospora crassa mycelium. Methionine starvation also results in slight derepression, while lysine or leucine starvation has little or no effect. The spectrum of amino acids capable of eliciting OCTase derepression in N. crassa thus appears broadly similar to that found for the same enzyme in Aspergillus nidulans (Piotrowska, 1980) , where arginine, histidine, tryptophan, or proline limitation is effective, while in yeast limitation of histidine, lysine, isoleucine or valine, in addition to arginine, have been shown to be effective (Delforge et al., 1975; Messenguy, 1979) . The fact that not all amino acids are capable of eliciting cross-pathway derepression in these organisms suggests that the response is not triggered simply by a reduction in the overall rate of protein synthesis, or in the general level of tRNA charging. The failure of lysine to elicit derepression of OCTase in N. crassa contrasts with the observation that the lysine synthetic enzyme saccharopine dehydrogenase is derepressed in response to arginine or histidine deprivation (Flint & Kemp, 198 1) . Thus the spectrum of amino acid capable of eliciting derepression is not identical with the spectrum of pathways in which enzymes can be derepressed. 
